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CHAPTER I 
INTRODUCTION 
It has been established that the oral secretions in man are 
of major importance to oral health status and maintenence of the 
dentition. However, there has not been sufficient research of 
salivary glands and their secretions in man in response to systemic 
changes in the body. The state of our knowledge of the effects of 
different states of hydration on saliva is at best empirical. It 
is my contention that salivary osmolality should be studied in this 
manner. 
It is the purpose of this research to expose normal healthy 
men to states of dehydration and hyperhydration and measure the 
osmolality and sodium and potassium concentrations of mixed, stimu-
lated saliva. I will compare the results between these hydration 
states and to a control state of normal hydration. 
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CHAPTER II 
REVIEW OF THE LITERATURE 
A. Structure of the Salivary Glands 
The glands which discharge their secretions into the mouth 
are anatomically classified into two divisions: minor and major 
glands. The minor glands are small groups of epithelial secretory 
cells arranged in branched tubules, lying in the mucosa or sub-
mucosa of the tongue, palate, and oral vestibule; they discharge 
their secretions to the surface through very short ducts. In the 
major glands the secretory epithelium is arranged in a tubulo-
acinar fashion at the beginning of a highly complex system of 
excreting ducts to form the large paired glands, the parotid and 
the submandibular. In man each sublingual gland is in reality a 
collection of glands, the lesser of which resemble the minor glands 
in that they open by short ducts; however for convenience the complex 
is usually classified as a major salivary gland. The secretory 
element in the mammalian adult major gland is characteristically 
racemose in conformation. Each acinus is connected by short tubules 
(intercalated ducts) of simple cuboidal epithelium to a longer, 
more complex, but less numerous system of tubules, the striated 
ducts (Figure 1). The resemblance the these ducts to the proximal 
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intercalated duct 
convoluted granular 
tubuie 
intralobular duct 
Figure 1: Diagrammatic representation of a secretory 
element in an adult rat submaxillary gland. 
Excretory ducts are not shown (adapted from 
Leeson, 1959). 
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convolutions of the kidney has given rise to speculation that they 
have secretory or absorptive functions. Studies to be discussed 
later in this thesis support this theory. The striated ducts 
converge as one main excretory duct that leads from the main glandular 
mass to the oral cavity, where it terminates. Some authors such as 
Montgomery and Stuart (1936), draw a distinction between the minor 
glands and the salivary glands, but in view of the fact that the 
minor glands contribute to what is referred to as saliva they should 
be included in the salivary glands. 
The parotid gland is usually considered a serous gland because 
mucous cells are seldom present, although a few occur at the point 
where the secretory portion changes into the first part of the duct 
system. The submandibular and sublingual glands are called mixed 
glands because they contain both types of secretory cells. In the 
submandibular glands of man the serous type predominates and in the 
sublingual the mucous type is more frequent. 
B. Function of Saliva 
Saliva is the fluid which bathes the tissues of the oral 
cavity. It protects the teeth and oral mucosa by virtue of its 
properties of physical cleansing, protective lubrication, chemical 
buffering and antibacterial activity. It aids digestion by 
moistening dry food for tasting and swallowing and provides amylase 
which begins the hyJrolysis of starch. The lubricating effect of 
saliva is also essential to the movements of the tongue and lips 
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during speech. Schneyer (1956), showed that the volume of saliva 
secreted in man approaches 3/4 liter/day, or about 1/5 of the total 
plasma volume. In man salivary glands do not normally play an 
important role in regulating water and electrolyte balance because 
most of the secreted fluid is later reabsorbed lower in the alimentary 
canal. Even in periods of heat stress, loss of saliva due to 
evaporation is probably not marked in man. 
C. Blood Supply 
The vascular architecture of the salivary glands presents 
many unusual features whose physiological significance is not 
yet clear but may provide clues to the equally strange behavior 
of the glandular blood flow during activity. The main arteries 
to the submaxillary and sublingual glands enter at a hilus although 
minor arteries which pierce the gland surf ace at numerous points 
provide an additional blood supply. In the parotid gland no true 
hilus is present, and the gland receives its blood supply from a 
number of arteries which do not show a regular pattern with regard 
to their site of entry. In 1902, Flint showed that within the 
glands, the arteries travel with the ducts and break up into very 
rich capillary plexuses around the ducts. The capillary plexuses 
around the acini is not very dense compared with the rich vasculari-
zation of the ducts. 
The venous drainage follow the same general route as that 
taken by the small arteries. Small veins accompany the ducts, and 
5 
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in addition the larger veins tend to drain to the periphery of the 
gland. One of the unusual features of the vascular system of the 
salivary glands is the presence of saccular diverticula off the 
6 
walls of some veins, particularly in the hilar region. Spanner (1942), 
has suggested that these may serve a reservoir function and also may 
serve to increase pressure in the capillary circulation during 
glandular activity. Another unusual feature is the presence in 
some glands of arteriovenous anastomoses discovered in injected 
preparations by Spanner in 1937, who suggested that they provide a 
regulating mechanism by which the circulation can be adjusted to 
secretory activity. 
Results obtained from studies of the living circulation of 
the glands is somewhat ambiguous. Holtzlohner and Niessing (1936 
a and b), saw a rather sluggish circulation in capillaries around 
the acini in the resting gland that was greatly slowed or arrested 
during activity, despite the increased total blood flow through the 
gland. Brucke and Zwiauer (1938), on the other hand, saw a consistent 
increase in flow in the acinar capillaries during activity and claimed 
that a decreased flow was seen only if contraction of the digastric 
muscle obstructed secretory outflow. Burgen and Seeman (1958), 
on the basis of tracer experiments, came to the conclusion that 
most of the blood perfusing the gland went to capillaries in the 
duct system and that the flow in these was mainly countercurrent 
to the flow of saliva. 
Whatever the peculiarities of the·circulation might be, all 
observations to date emphasize the rich vascularization of the 
ductal system both anatomically and functionally. 
D. Innervation 
Each major salivary gland receives nerve fibers from both 
the parasympathetic and sympathetic divisions of the autonomic 
nervous system. There is not agreement in the literature on the 
exact relationship between the terminations of the parasympathetic 
and sympathetic fibers and the elements they supply and therefore 
the physiological significance of the double innervation of the 
glands is not totally clear. In general, parasympathetic stimulation 
causes a copius secretion from the glands and dilation of the small 
vessels; sympathetic stimulation causes a scanty secretion and 
constriction of the vessels. Many experiments employing electro-
physiology and parasympathomimetic and sympathomimetic stimulants 
have supported the above generality. 
Preganglionic sympathetic fibers arise in the first two 
thoracic segments of the spinal cord and ascend the sympathetic 
trunk to relay in the superior cervical ganglion. From here post-
ganglionic fibers go to the plexuses around the external and internal 
carotid arteries and are distributed to the glands along the coats 
of the blood vessels. Preganglionic parasympathetic fibers arise 
in the superior and inferior salivary nuclei. Fibers destined for 
the parotid gland accompany the glossopharyngeal nerve to the otic 
7 
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ganglion. From here postganglionic fibers pass to the gland in the 
two roots of the auriculotemporal nerve. Prcganglionic para-
sympathetic fibers for the submaxillary and sublingual glands run 
in the chorda tympani to the submaxillary gland; some parasympathetic 
preganglionic fibers actually traverse the ganglion and synapse with 
nerve cells scattered in the substance of the gland. Other fibers 
pass along the lingual nerve and are distributed to the sublingual 
gland. 
Within the intralobular connective tissue, nonmyelinated 
nerve fibers form a network around the larger ducts and their 
ramifications. Small branches are thought to pass through the 
basement membranes of the secretory end-pieces, ramify, and 
finally end on the surfaces of the glandular cells with small 
budlike thickenings. 
E. Secretion of Water 
Water is the most abundant constituent of saliva. Secretion 
of water and other components of saliva is evoked by stimulation 
of the autonomic innervation to the glands or by administration 
of chemical agents that mimic the actions of the autonomic nerves. 
Electrical stimulation of the parasympathetic innervation to a 
gland usually results in the appearance of a secretion after a 
brief latent period. As shown by Burgen (1961), in Figure 2, 
the rate of secretion is nearly linearly related to rate of 
stimulation for the dog parotid glands. Using dogs, Langley, ~ ~' 
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figure 2: Secretion rate of dog 
parotid gland. Secretion 
was produced by maximal 
stimulation of the auriculo-
temporal nerve at different 
frequencies (adapted from 
Burgen, 1961). 
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(1958), found that by increasing the plasma potassium through 
intravenous infusion of K+c1- the rate of flow could be increased 
above the previously determined maximum rate. 
F. Sodium and Potassium 
It has been repeatedly shown that the main cations of 
saliva are sodium an<l potassium and the main anions are chloride 
and bicarbonate. Changes in the levels of these ions are primarily. 
responsible for any significant change in the osmolali ty of saliva. 
Discussion of the inorganic components of saliva in this thesis 
will be confined to sodium and potassium. The salivary concentra-
tion of each of these ions is dependent on type of gland, as well 
as mode and degree of stimulation used to evoke the flow of saliva. 
The discussion of sodium and potassium in this thesis will describe 
the concentrations in human mixed saliva and how they are influenced 
by collection and stimulation methods, rate of flow, sex, age, time 
of day and degree of hydration of the subject. 
The saliva of man is always markedly hypotonic at low rates 
of flow. The tonicity increases and tends to approach isotonicity 
when rate of flow is increased. A further distinguishing character-
istic is the relatively low Na+/K+ ratio at low rates of flow. 
However, this ratio, which may be less than 1.0 at low flow rates, 
usually rises steeply as flow rate increases. The major factor 
in this change in Na+/K+ ratio is the increase in salivary sodium 
which accompanies an increase in rate of flow. In experiments 
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conducted by Prader, ct al, (1955), on thirty-three healthy young 
men, paraffin was chewed for five minutes without swallowing any 
saliva and saliva was collected at the end of the five-minute 
period. The sodium concentration and Na+/K+ ratio increased pro-
portionally with flow but tl1e potassium concentration was independent 
of flow (Figure 3). Prader, et~' (1955), and Shannon (1957), 
showed that no significant differences in the Na+/K+ ratio were 
associated with age for males or for females but a significant 
difference was found between the sexes; the Na+/K+ ratio for the 
males was higher than that of the females. For potassium, no 
significant differences attributable to age were found for either 
males oi females but potassium concentration was negatively correlated 
with flow (Dreizen, ~ ~' 1953; Shannon 1957). These results, 
however, are not in agreement with those of Prader, et ~' (1955), 
who demonstrated that potassium concentration was independent of 
flow rate (Figure 3). Shannon (1957), showed that sodium levels 
did not vary with age for males or females but that there was a 
significant difference attributable to sex; the mean values were 
20.8 mEq/L for males and 18.6 mEq/L for females. Contrary to this 
finding, the observations of Grad (1954), indicated no influence 
11 
of sex on sodium levels in subjects under 40 years of age. This 
contrast, however, could be due to the fact that Grad used unstimulated 
saliva and Shannon used stimulated saliva, both of which have been 
shownto have highly different values of sodium. Sodium concentration 
No end f< Concenlrolion In Sofivo or Adult Moles 
~ 
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Figure 3: Saliva samples from thirty-three heal.thy 
young men plotted against flow (adapted 
from Prader, et ~. 1955). 
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has repeatedly been shown to be positively correlated with flow rate 
(Brown, ~ ~. 1937; Prader, et ~. 1955; Shannon 1957, and others). 
Regarding method of stimulation, Prader, et~. (1955), 
studied unstimulated and paraffin-stimulated saliva and compared 
the results with those of Warming-Larsen, et~. (1952), who used 
pilocarpine, a parasympathomimetic agent, as a stimulant. Flow, 
sodium concentration and Na+;K+ ratio were lowest for unstimulated 
saliva, intermediate for paraffin-stimulated saliva and highest for 
pilocarpine-stimulated saliva. Potassium concentration was not 
significantly affected by the mode of stimulation. Contrary to 
these findings, Shannon and Prigmore (1959a), on studies of whole 
saliva volume, sodium and potassium concentrations found that with 
no exogenous stimulation, significant differences were found in the 
means for potassium for two successive days of experimentation. The 
sodium means were not significantly different. When subjects chewed 
vigorously on three large (size 32) ~hemically clean rubber bands 
for exactly five minutes and the saliva analyzed, no significant 
differences were found for any of the variables tested for the two 
successive days of experimentation. A valuable contribution by 
these studies was the development of the three-rubber-band method 
of collecting human whole saliva that offers an adequate quantity 
of relatively blood-free human mixed saliva for multiple laboratory 
analyses and that demonstrates day-to-day reproducibility for 
volume, sodium and potassium. 
13 
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Shannon and Prigmore (1959b), conducted a study to show the 
levels of salivary volume, sodium and potassium throughout the day 
and to determine whether or not alterations in these levels, if 
present, followed a discernible diurnal pattern. Saliva was collected 
from the same twenty-nine healthy men. The same three-rubber-band 
stimulus discussed above was employed for eliciting saliva. Saliva 
was collected at intervals of two hours, extending from 5:00 a.m. 
through 9:00 p.m. Day-to-day reproducibility for the groups was 
excellent. By days no significant differences were found for 
volume, sodium and potassium. By time, however, significant 
differences were found for volume, sodium and potassium; a diurnal 
pattern did exist for these values in human whole stimulated saliva. 
Studies by Grad, et~' (1954), of the sodium and potassium of 
human mixed unstimulated saliva demonstrated that a definite diurnal 
rhythm occurs in the salivary Na+;K+ ratio which was chiefly due 
to variation in sodium in as much as the potassium concentration 
remained relatively constant. 
G. Influence of Adrenal Corticosteroids and Serum Levels of 
Sodium and-Potassium on the ConcentratIOn of Sodium ana-
Potassium in Human Saliva-
The studies bf Mccance (1938), indicated that in man sodium 
deficiency produced by dietary restriction and sweating is associated 
with a decrease of sodium and an increase of potassium concentration 
in mixed saliva. The average composition of the saliva of five 
subjects on normal diet was 6.8 mEq/L of sodium and 22 mEq/L of 
14 
potassium. During salt deficiency the average concentrations were 
3.9 mEq/L of sodium and 28.5 mEq/L of potassium and the rate of 
flow remained essentially the same as the control. Similar observa-
tions were made by White,~~, (1950), who in addition proposed 
that the salivary changes seen with dietary sodium restriction were 
due to increased adrenocortical activity. The observations of 
Frawley and Thorn (1951), on normal subjects and in patients with 
either Addison's disease (adrenal insufficiency) or Cushing's syndrome 
(adrenal hyperfunction) supported this proposition. The mean salivary 
Na+;K+ ratio of patients with Addison's disease was 5.0 and decreased 
to 1.8 following corticosteroid treatment. In normal subjects the 
mean ratio was 1.3 and in patients with Cushing's syndrome it was 
15 
0.5. The variation in the Na+;K+ ratios was mainly due to sodium 
concentration. Frawley and Thorn (1951), also observed that ad-
ministration of ACTH to normal subjects and to patients with Cushing's 
syndrome caused a lowering of the salivary Na+;K+ ratio; desoxycortico-
sterone trimethyl-acetate (DOCA) lowered the ratio in normal subjects 
and in patients with Addison's disease. Dreizen, et~, (1952), 
likewise showed a lowering of the salivary Na+;K+ ratio when ACTH 
or synthesized cortisone was administered to five patients with acute 
rheumatoid arthritis. They also noted that the potassium concentra-
tion of the saliva was not altered followin~ the injection of either 
of the two hormones. The decrease of the Na+/K+ ratio was greater 
in samples of resting saliva than in samples of stimulated saliva. 
This difference was attributed to the differences in flow rate with 
which, as mentioned frequently in this thesis, the salivary sodium 
level is positively correlated. Studies by Warming-Larsen,~~' 
(1952), on the influence of ACTH on the sodium and potassium concen-
trations of human mixed saliva showed that ACTH can significantly 
reduce the concentration of sodium in human saliva produced after 
the injection of pilocarpine. The effect of administration of 
aldosterone on the sodium and potassium concentrations of saliva 
is also fairly .consistent. Kekwick and Pawan (1954), showed that 
aldosterone lowered the Na+/K+ ratio in patients with Addison's 
disease. Simpson and Tait (1955), studied the effects of aldosterone 
on the salivary Na+/K+ ratio in normal subjects and the effects 
were compared with control samples taken during the comparable period 
of the day. A dose of 20 pg of aldosterone given intravenously and 
orally caused a reduction in the Na+;K+ ratio to approximately one-
half the control value. More recently, Wotman, et~' (1973), after 
studying the changes in urine aldosterone excretion in six normal 
subjects in response to sodium depletion and sodium loading found 
that aldosterone excretion during th~se tests was associated with 
consistent changes in salivary electrolyte composition and excretion 
rates. During the low-sodium period, aldosterone excretion rate 
rose two to fourfold and sodium excretion fell to approximately 
one-half that observed on normal or high-sodium diets. These 
changes were also present in whole saliva. They thus concluded 
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that sodium excretion in saliva parallels changes in aldosterone 
excretion in the urine. 
The above mentioned investigators and others have suggested 
that the salivary Na+/K+ ratio may be a reliable index of the salt-
regulating activity of the adrenal cortex. However, the diagnostic 
value of the salivary Na+;K+ ratio may be limited by the wide varia-
tion in normal values and by fluctuations in flow rate. 
The influence of serum concentrations of sodium and potassium 
on the concentrations of these ions in human saliva is relevant 
at this point. 
Few studies have been carried out on humans on the correlation 
between potassium concentrations in serum and saliva. Dahlberg, 
et~' (1967), examined the secretion of human parotid saliva in 
relation to changes in the blood of patients undergoing hemodialysis. 
When the salivary and serum potassium concentrations were measured 
before and after dialysis and regression and correlation analyses 
performed, the salivary potassium concentration was found to be 
directly dependent upon the serum potassium concentration. 
There appear to be no adequate studies on humans on the 
correlation between the sodium concentrations in serum and saliva. 
Thorn, ~al, (1956}, measured the concentrations of sodium and 
potassium in the parotid saliva of three female patients with 
hypertension who had daily sodium intakes of 175 mEq. When the 
daily intake of sodium was re~uced from 175 to 4 mEq the salivary 
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sodium level fell and the potissium level rose. The plasma concen-
tration of these ions changed in the same direction. The reduction 
of salivary sodium content during experimental sodium chloride 
deficiency was also noted by Mccance (1938). These changes may 
have been due to associated variations in flow rate or in serum 
corticosteroid concentrations. Rapoport, et al, (1961), noted that 
salivary and plasma concentrations did not alter in parallel when 
salt-deprived subjects were treated with chlorothiazide (a diuretic). 
It has been shown that a consistent direct relationship between 
salivary and serum concentration is not evident with the low Na+/K+ 
ratio due to hyperaldosteronism or with the high Na+/K+ ratio of 
Addison's disease. The short-term administration of corticosteroids 
to normal subjects, causins a reduction of the salivary Na+;K+ ratio 
(as described above), is not associated regularly with changes ~f 
serum concentrations of sodium and potassium. 
The studies mentioned here, and other studies in the literature 
show the lack of consistent, positive correlation between changes in 
the sodium and potassium levels in serum and the levels of these same 
ions in saliva. The obvious conclusion is that saliva is not merely 
an ultrafiltrate of blood. The secretory cells of human salivary 
glands possess the ability of selecting and concentrating certain 
blood constituents in the saliva, a process which is under hormonal 
as well as neural influence. 
18 
H. Total Electrolyte Concentration of Saliva 
Saliva, like other body fluids, is a dilute aqueous fluid. 
Though saliva contains both organic and inorganic constituents, 
the organic substances are largely of high molecular weight (protein) 
and contribute little to the total molar concentration of dissolved 
solute. As mentioned, the principal inorganic constituents of 
saliva are the chloride and bicarbonate salts of sodium and potassium. 
All the inorganic constituents with the possible exception of part 
of the bicarbonate, are derived ultimately from plasma. Therefore, 
in considering the inorganic composition of saliva, it is useful to 
make comparisons to the corresponding composition of the plasma. 
Thaysen, et~' (1954), showed such a comparison for human parotid 
saliva (Figure 4). 
In mammalian plasma, sodium salts of chloride and bicarbo-
nate predominate; sodium is approximately 155 mM/Kg water, chloride 
is 105 and bicarbonate is 30 mM/Kg water. The total osmolal concen-
tration of plasma is approximately 290 mOsm/Kg plasma water, with 
organic anions mainly making up the deficit between the concentration 
of sodium and that of chloride and bicarbonate. Two factors princi-
pally determine the osmolality of saliva: type of gland and degree 
of secretory activity. In addition, the type of stimulation used to 
evoke secretion affects its osmolality and composition. 
Review of the literature reveals very little work done on 
the total electrolyte concentration of human saliva. However, some 
19 
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rather extensive experimental work has been done on the siliva of 
the dog, which is similar in tonici ty, composition, and flow rate., 
to human saliva. At maximum secretory rates, Brusilow and Cooke (1959), 
showed that the electrolyte concentration in the parotid saliva of the 
dog reaches a total of 200-260 mOsm/Kg H20 (Figure 5). The electro-
lyte concentration is proportional to flow and reaches a minimum of 
50-100 mOsm/Kg H20 (15-30 per cent of the plasma osmolality) at about 
5-10 per cent of the maximum secretory rate. Burgen (1955), however, 
showed that at very low rates of secretion, the electrolyte concen-
tration rises again and may approach the plasma concentration. 
The secretion from all the major salivary glands in man is 
hypotonic but the relationship of saliva osmolality to the secretion 
rate has been established only in the case of the parotid (Kostlin 
and Rauch, 1957). Sawinski, et~' (1966), measured the osmotic 
pressure of unstimulated mixed saliva from ninety-two young adult 
men and found a normal range of 21-77 mOsm/Kg H20. The average 
osmolality for the series was found to be 49 mOsm/Kg H20. 
I. Dehydration and Hyperhydration Effects on Salivary Secretion 
and Osmolaliq 
There has been little experimentation dedicated to the effects 
of dehydration and hyperhydration on the secretion rate, constituents 
and osmolality of human saliva. A few studies support the claim 
that dehydration exerts a depressant effect on salivary flow. Winsor 
(1930), found that a hot bath causing excessive perspiration reduced 
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parotid secret1on by approximately 50 per cent in one hour. 
Gregersen and Bullock (1933), noted that water deprivation over 
a period of 24-hours reduced salivary flow by approximately 50 
per cent, and that after two days deprivation the flow was re-
duced from an initial 1.0 ml/min to 0.14 ml/min. When the subjects 
were rehydrated with 2,400 ml of fluid during four hours, the salivary 
flow rose to 0.8 ml/min. Holmes and Gregersen (1947), reported that 
the intravenous injection of 300 ml of 5 per cent sodium chloride 
solution brought about a 50 per cent reduction in salivary flow. 
Drinking 400 ml of water restored salivary flow to normal levels, 
and ingestion of water (400 to 600 ml) 20 to 30 minutes prior to 
the salt injection prevented the reduction in salivary flow rate. 
Friedberg and Doyle (1959), showed that dehydration produced by 
sweating for four hours in a hot box led to a rise in salivary 
osmolality. The average initial salivary osmolality was 69 mOsm/Kg 
H2o and the average increase was 39 mOsm/Kg H2o. When the experiment 
was repeated with the exception that a water load was administered 
hourly during the period of "dehydration" to replace weight loss 
there was a moderate drop in salivary osmolality. The average 
value changed from 71 mOsm/Kg H20 to 64 mOsm/Kg H2o. They also 
showed that ra~id intravenous administration of hypertonic saline 
(350 to 400 ml of 5 per cent Na+c1-) was accompanied by a rise in 
the saliva osmolality, averaging 37 mOsm/Kg H2o, and a reduction 
in saliva volume. 
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Reports dealing with hyperhydration are sparse and the 
question of whether or not hyperhydration affects salivary flow 
and osmolality has not received proper experimental attention. 
Two studies support the conclusion that hyperhydration does not 
influence salivary flow rate. Gantt (1929), studied parotid 
flow rate in an 11-year-old epileptic idiot and found that the 
secretion rate on a forced intake of fluid of from 2,000 to 3,000 ml 
was only slightly more than after a normal intake. De Wardener and 
Herxheimer (1957), studied the effect of a high water intake on the 
volume and sodium and potassium concentrations of human mixed stimu-
lated saliva. The experiments were made on two normal subjects 
during an 11-day period of ingesting approximately 10 liters of 
water daily. Their results showed that the flow of saliva, when 
chewing wax or sucking an acid drop, was unaffected by the high 
water intake. Shannon (1966), conducted studies on parotid fluid 
collected without exogenous st:lmulation from five groups of twenty-
five subjects each. It was noted that doses of 1,000 ml or more 
of water brought about significant increases in flow rate in samples 
collected 15 to 60 minutes postingestion. The latter results thus 
do not support the con~lusion that overloading the tissues with 
water has no effect on salivary flow rate. 
J. Theories of Salivary Secretion 
It has been discussed earlier in this thesis that the amounts 
of sodium, potassium and water, the more abundant salivary constituents, 
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were dependent upon the mode and frequency of stimulation as well 
as many other factors. In addition, the secretory products of 
the submaxillary, parotid, and other glands differ amongst themselves. 
Saliva is not a simple fluid; the salivary glands are morphologically 
complex and literature review has shown that the secretory process 
is not simple either. None of the present theories of salivary 
secretion is adequate to account for all the phenomena encountered. 
Numerous new methods have been developed to uncover the nature of 
secretory processes in the salivary glands. It is not the nature 
of this thesis to analyze and propose theories of salivary secretion, 
however, a brief discussion of present theories of salivary secretion 
is appropriate. 
Burgen and Seeman (1958), presented a theory of salivary 
secretion in which the acinar cells secrete the primary juice 
containing potassium, chloride and bicarbonate. The first two come 
from plasma and bicarbonate comes partly from cellular metabolism 
and partly from plasma. The primary secretion, as presented in 
this theory, is believed to contain little or no sodium and to be 
iso-osmotic with plasma. Whether or not its composition is fixed 
is unknown. This primary solution is modified by exchanges with 
blood as it passes through the tubules before it reaches the excre-
tory ducts. The cells forming the tubules have an ultrastructure 
characteristic of secretory cells and <luring secretion this structure 
undergoes cytological changes. Some modification of the primary 
solution results from passive diffusion; urea, for example, diffuses 
into the primary solution after it has left the acini. Other modi-
fication results from active secretion by the cells; iodide, for 
example, is secreted into the saliva at a concentration which may 
be many times higher than that in the plasma. The most important 
changes are produced by processes which can move sodium and potassium 
in both directions across the tubules. Potassium is reabsorbed from 
the fluid, and sodium enters it but because potassium is reabsorbed 
more rapidly than sodium is delivered, the tubular fluid becomes 
hypotonic. Finally there is an exchange of plasma chloride for 
bicarbonate. Blood flows first past the tubules, where exchange 
takes place, and then past the acinar cells, where the primari 
secretion is w1thdrawn from it. 
More recently, there have been several micropuncture and 
microperfusion studies in experimental animals that offer more 
concrete evidence for a theory of secretion than that presented 
by Burgen and Seeman. Most of the micropuncture experiments have 
produced similar results, and for the purpose in this thesis, dis-
cussion of two of these studies will be sufficient. The rat parotid 
gland had long been considered to produce a more or less isotonic 
saliva with high sodium and low potassium concentrations. However, 
experiments by Mangos and Braun (1966), demonstrated that, contrary 
to what has so far been accepted, the rat parotid gland is similar 
to the parotid gland of man and dog in the excretion of water and 
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electrolytes. It excretes a final saliva that is isotonic to plasma 
only at minimal excretory rates. The saliva becomes markedly hypo-
tonic upon slight increase in the flow rate. The main solute de-
termining the osmolality of the saliva at all secretory rates is 
sodium; its concentration changes with changing flow rates. These 
studies support the hypothesis that the parotid saliva is formed 
by secretion of a plasma-like fluid in the acini-intercalated duct 
region, which is subsequently modified by active sodium reabsorption 
in excess of water in another site (or sites) of the duct system of 
the gland and that this is the mechanism which generates hypotonicity 
in the saliva. The experiment consisted of stimulating the gland 
by intravenous injection of pilocarpine. Saliva was collected by a 
polyethylene tube introduced into the duct of the gland. Results 
showed that at resting flow, the sodium concentration was 136.5 mEq/L. 
Upon slight increase in the flow rate near resting flow the sodium 
concentration decreased to as low as 8.0 mEq/L. Further increase 
of the flow rate was associated with a gradual increase of the sodium 
concentration towards plasma levels; thus sodium concentration was 
positively correlated with flow rate. Flow rate was found to increase 
upon increased stimulation of the gland. Potassium was found to vary 
little in relation to flow rate. There was, however, a significant 
elevation of potassium concentration at flow rates corresponding to 
the lowest sodium concentrations. Sodium concentration and osmolality 
increased proportionally to the flow rate and therefore the main 
cation determining the osmolality of saliva of the rat parotid gland 
~------------··~:-~ .. ,,.,..,~"-.-..--~...---...... ~.-.-~. -~-------~------... 
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is sodium. This is also gencraily accepted as fact for the parotid 
saliva of man. Further studies were conducted by Mangos, et al, (1966), 
on the rat parotid gland. Having demonstrated that the rat parotid 
gland is able to excrete a hypotonic saliva, they studied the form-
ation of saliva in the different segments of the duct system, through 
micropuncture techniques. Micropipettes were inserted into different 
segments of the duct system and conclusions were drawn that the duct 
system of the gland is composed of three functionally different segments: 
1) Acini-intercalated ducts secrete a primary fluid with plasma-like 
osmolality and sodium and potassium concentrations. 2) Striated ducts 
modify the primary fluid by active reabsorption of sodium in excess 
of water, thus producing hypotonicity. 3) Excretory ducts serve as 
conduits of the saliva to the mouth. A process of reequilibration 
of the duct fluid to isotonicity occurs in the excretory ducts of 
the resting gland. Secretion of small amounts of potassium also 
appears to take place in these ducts. These investigators also 
offered a tentative explanation for the existence of high osmolality 
and sodium concentration o.f the saliva at resting flow rates. It is 
as follows: in the resting gland, the "primary secretion" is modi-
fied in the region of sodium reabsorption and becomes hypo tonic;· 
as the fluid moves into more distal parts of the duct system, re-
equil ibration can take place because of the relatively long contact 
time with the wall of the duct. At progressively higher rates, the 
osmolality and sodium concentration intrease apparently because the 
contact time of the fluid with the diluting segment(s) of the duct 
system is not sufficient for complete modification by active sodium 
reabsorption. 
The extensive studies by Mangos and associates (Mangos and 
Braun 1966; Mangos, et~' 1966), appear to offer enough concrete 
evidence to disregard the theory for salivary secretion presented 
by Burgen and Seeman (1958), and to establish their theory as.the 
presently accepted one for salivary secretion. However, ·shannon 
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and Suddick (1975), as a·hypothesis for further research and inter-
pretations based on recent evidence accumulated by them, have suggested 
the possibility that in the human parotid system the primary fluid 
of secretion is hypotonic when secreted not in the acini-intercalated 
duct region, but probably in the striated duct portion of the system. 
They make note, however, that they have no evidence that this is 
true and that much more research is mandatory. 
This brief review of the research related to proposing a 
theory of salivary secretion has made it clear that the process 
by which salivary glands are able to secrete a fluid that is hypo-
tonic to plasma is not completely understood and that continued 
research is definitely necessary. 
CHAPTER III 
MATERIALS AND METIIODS 
Twelve men between 22 and 25 ye<irs of age were used in the 
experimentation. All were students at Loyola University School of 
Dentistry. Oral health status was not evaluated immediately prior 
to testing; however all participants had recently undergone dental 
examinations. Sleeping-waking hours, physical exercise and environ-
mental factors were essentially identical for all subjects. 
In accordance with the policy of the Department of Health, 
Education and Welfare, a document embodying all of the required 
elements of informed consent was drafted and approved by the Committee 
on Clinical Investigation at Loyola University Medical Center. This 
document was read and signed by each subject and sample copies of 
the forms are retained in Committee records. 
Each subject was exposed to three states of hydration. Experi-
mental periods were as follows: (1) Sixteen-hour Dehydration--
Subjects refrained from food and drink starting in the early evening. 
Twelve hours later the next morning, they emptied their urinary 
bladders through normal urination. This time marked the start of 
the urine-collection period which lasted for four hours; this collection 
period corresponded with the 12th through the 16th hour of fasting. 
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Midway through the urine-collection period, saliva and blood were 
obtained. At the end of the four-hour period urine was collected 
by normal emptying of the bladder. It was this urine specimen that 
was used for analysis; (2) Control (Normal llydration)--Subjects 
carried out their normal eating and drinking habits. In addition, 
each subject received a standard breakfast prior to the collection 
period consisting of corn flakes, one-half pint of milk and eight 
ounces of orange juice. The subjects emptied their urinary bladders 
one-half hour after consuming the breakfast and then again one hour 
later. Saliva and blood samples were collected midway during the 
urine-collection period; (3) Hyperhydration--During this hydration 
period the subjects consumed the standard amount of purified water 
for hyperhydration studies, which is equivalent to 2.0 per cent of 
the total body weight, during a ten-minute period. One hour after 
the beginning of ingestion of the water, subjects were instructed 
to completely empty their urinary bladders; Fifteen minutes later 
subjects urinated again and this urine was witheld for analysis. 
During the fifteen-minute period before collection of urine; saliva 
and blood samples were obtained. Although no records were maintained 
of the exact amount of food and drink ingested by each individual, 
all subjects ate in a common dining room and consequently diet was 
essentially the same for all subjects. The three experimental periods 
were separated from each other by at least two days. A schedule was 
used which randomized the sequences of the variables (states of hydra-
tion) and had the collection periods for a given subject occuring at 
the same time of day. Overall, the times for collection of saliva, 
blood and urine were between the hours of 9:00 a.m. and noon (See 
Table 4 in Appendix for details of schedule). 
Whole saliva, urine and blood samples were collected from 
each subject at each of the three experimental periods. For elicit-
ing saliva, subjects were instructed to clear their mouths by swallow-
ing and were then instructed to chew vigorously on three large (size 
32) rubber bands for exactly five minutes. Accumulated saliva was 
collected in calibrated tubes and the volume measured for determina-
tion of flow rate. The samples were then immediately refrigerated. 
Urine samples were collected through normal urination habits. No 
catheterization or diuretics were used for promotion of urination. 
Urine was collected in a clean container and immediately refrigerated. 
Approximately 8 ml of blood were also obtained from each subject via 
the Vacutainer method of venipuncture at each of the three experimen-
tal periods. After blood samples were collected and the blood allowed 
to clot, each tube was centrifuged (Damon/IEC Division Centrifuge, 
Model HN-S) for ten minutes at 2,000 R.P.M.'s. Approximately 3 ml 
of serum were removed from each tube and placed in 10-ml snap-top 
vials and immediately refrigerated. 
Osmolality was determined on each sample by the freezing-
point depression method (Advanced Instruments Osmometer, Model 3W). 
Sodium and potassium determinations for each sample were carried out 
by internal flame photometric procedures utilizing lithium as an 
internal standard (Instrumentation Laboratory Inc. Digital Flame 
Photometer, Model 143). 
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CIIAPTER IV 
RESULTS 
The osmolalities and the concentrations of sodium and 
potassium were determined for the samples of serum, urine and 
saliva obtained from each subject during each of the three hy-
dration states: Control (normal hydration), Hyperhydration, and 
Dehydration. Flow rate, recorded in ml/5 min, was determined 
for each sample of saliva. Statistical measures employed were: 
T-Test for Paired Variates, Regression and Correlation. 
Serum samples were obtained to record the state of homeo-
stasis the body was maintaining during each hydration state. 
When comparing the mean serum osmolalities of the three hydration 
states the following results were noted: for the Control versus 
Hyperhydration state there was a decrease (287 mOsm/Kg H2o to 
283 mOsm/Kg H20); for Control versus Dehydration state, a decrease 
(287 mOsm/Kg H2o to 285 mOsm/Kg H20) and for Hyperhydration versus 
Dehydration states, an increase (283 mOsm/Kg H2o to 285 mOsm/Kg H20). 
None of these changes was found to be statistically significant. 
When comparing the mean serum sodium concentrations among 
hydration states, the following results were noted: there was a 
significant (P=.012) decrease in sodium concentration (141 mEq/L to 
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139 mEq/L) for the Control versus llyperhydration state but there 
was no change (141 mEq/L to 141 mEq/L) when comparing the Control 
to the Dehydration state; for the Hyperhydration versus Dehydration 
states there was a significant (P=.052) increase (139 mEq/L to 
141 mEq/L). 
When determinations were made for the mean scrum potassium 
values the following results were noted: Control versus Hyper-
hydration state (4.6 mEq/L to 4.7 mEq/L); Control versus Dehydra-
tion state (4.6 mEq/L to 4.9 mEq/L) and Hyperhydration versus De-
hydration states (4.7 mEq/L to 4.9 mEq/L). None of these changes 
was found to be statistically significant. 
Urine samples were obtained to serve as an index of renal 
water regulation at each of the three hydration states. Comparing 
mean urine osmolalities yielded these results: for Control versus 
Hyperhydration state there was a significant (P~Ol) decrease 
(796 mOsm/Kg H20 to 94 mOsm/Kg H20); for Control versus Dehydration 
state there was a significant (P=.008) increase (796 mOsm/Kg H2o 
to 1045 mOsm/Kg 1-120) and for Hyperhydration versus Dehydration 
states there was a significant (P<?Ol) increase (94 mOsm/Kg 1120 
to 1045 mOsm/Kg H20). 
When comparing mean urine sodium concentrations between 
hydration states the following results were noted: for the Control 
versus Hyperhydration state, a significant (P~OOl) decrease 
"---
(148 mEq/L to 13 mEq/L); for the Control versus Dehydration state, 
a decrease (148 mEq/L to 137 mEq/L) which was not found to be 
statistically significant, and for the Hyperhydration versus 
Dehydration states, a significant (P <001) increase (94 mEq/L to 
1045 mEq/L). 
Determinations for mean urine potassium concentrations 
yielded the following results: for Control versus Hyperhydration 
state, a decrease (72 mEq/L to 8 mEq/L); for Control versus 
Dehydration states, an increase (8 mEq/L to 101 mEq/L) and. for 
Hyperhydration versus Dehydration states, an increase (8 mEq/L to 
101 mEq/L). All these changes in mean urine potassium concentra-
tions were statistically significant (P/."OOl). 
"-. 
The main theme of this research is to record the effects 
of different states of hydration on the osmolality of human, 
stimulated mixed saliva. For relevance to this research and 
contribution to the literature on salivary gland research the 
investigator also recorded the values obtained for sodium and 
potassium concentrations and flow rate as well as the osmolalities. 
When comparing the mean salivary osmolalities between the 
Control and Hyperhydration state (96 mOsm/Kg H2o to 95 mOsm/Kg H20) 
the difference was not significantly different. For the Control 
versus Dehydration state there was a significant (P=.003) increase 
(96 mOsm/Kg H2o to 105 mOsm/Kg H20), and when comparing the Hyper-
hydration and Dehydration states there was a significant (P=.004) 
increase (95 mOsm/Kg H2o to 105 mOsm/Kg H20). 
When comparing the mean salivary sodium concentrations of 
the three hydration states the following results were obtained: 
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for the Control versus Hyperhydration state (20.8 mEq/L to 20.7 
mEq/L); for Control versus Dehydration state (20.8 mEq/L to 20.5 
mEq/L), and for Hyperhydration versus Dehydration states (20.7 
mEq/L to 20.5 mEq/L). None of these changes was found to be 
statistically significant. 
Comparing mean salivary potassium concentrations of the 
hydrati6n states yielded these results: for the Control versus 
Hyperhydration state there was a significant (P=.003) decrease 
(19.9 mEq/L to 17.7 mEq/L); for the Control versus Dehydration 
state there was a decrease (19.9 mEq/L to 19.4 mEq/L) which was 
not statistically significant, and, when comparing the Hyper-
hydration and Dehydration states there was a significant (P=.004) 
increase (17.7 mEq/L to 19.4 mEq/L). 
When comparing mean Na+;K+ ratios among the three hydration 
states the following results were noted: for the Control versus 
Hyperhydration state (1.06 to 1.18); for Control versus Dehydration 
state (1.06 to 1.05), and for Hyperhydration versus Dehydration 
states (1.18 to 1.05). None of these changes was found to be 
statistically significant. 
Comparison of mean salivary flow rates yielded the following: 
for the Control versus Hyperhydration state there was a decrease 
(9.2 ml/5 min to 9.1 ml/5 min) which was not statistically signifi-
cant; for the Control versus Dehydration state there was a signifi-
cant (P=.008) decrease (9.2 ml/5 min to 7.8 ml/5 min), and for 
Hyperhydration versus Dehydration states there was a decrease 
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(9.1 ml/5 min to 7.8 ml/5 min) which was not found to statistically 
significant (See Tables 1-3 for all recorded sodium, potassium, 
osmolality and flow rate measurements). 
Regression and correlation analyses were performed for 
salivary osmolality, sodium and potassium concentrations, and the 
Na+;K+ ratio against the corresponding salivary flow rate for each 
of the three states of hydration. In order to determine any de-
pendence of the salivary sodium and potassium concentrations on the 
concentrations of these ions in serum, regression and correlation 
analyses were performed for salivary sodium and potassium concen-
trations of the three hydration states against the corresponding 
serum sodium and potassium concentrations. Following are the results 
of the above analyses for regression and correlation. 
The correlation coefficients between sodium and flow rate 
· are as follows: for the Control state, r=O. 61 (P=. 03); for Hyper-
hydration state, r=0.26 (P=.41), and for Dehydration state, r=0.70 
(P=.01). Thus, there was an indication that sodium was positively 
correlated with salivary flow rate for the Control and Dehydration 
state; that is, as flow rate increased, the amount of sodium per 
unit volume tended to increase. This was not the case in the Hyper-
hydration state where sodium was found to be independent of flow rate. 
The correlation coefficients between potassium and flow 
rate are as follows: for the Control state, r=0.20 (P=.52); for 
Hyperhydration state, r=0.31 (P=.33), and for Dehydration state, 
r=0.06 (P=.84). Thus, potassium levels were found to be independent 
of salivary flow rate. 
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After solving for the correlation coefficients between the 
Na+/K+ ratio and flow rate, the following results were noted: for 
the Control state, r=0.59 (P=.04); for Hyperhydration state, r=0.30 
(P=.34), and for Dehydration state, r=0.76 (P=.004). Thus, the 
Na+/K+ ratio was positively correlated with salivary flow in the 
Control and Dehydration states. This was not evident in the Hyper-
hydration state where the Na+/K+ ratio was found to be independent 
of flow rate. 
For salivary osmolality and flow rate, correlation coefficients 
were as follows: for the Control state, r=0.58 (P=.04), for Hyper-
hydration state, r=0.27 (P=.39), and for Dehydration state, r=0.67 
(P=.02). Thus, osmolality was positively correlated with salivary 
flow rate in the Control and Dehydration states. This was not the 
case in the Hyperhydration state where osmolality was found to be 
independent of salivary flow rate. 
As mentioned, regression and correlation analyses were 
performed for comparing salivary potassium and sodium levels 
against the corresponding serum potassium and sodium levels for 
the three hydration states to determine if the salivary sodium 
and potassium concentrations were dependent upon the serum con-
centrations of these ions. Following are the results of those tests. 
The correlation coefficients between salivary potassium and 
serum potassium are as follows: for the Control state, r=0.08 
(P=.8); for Hyperhydratiort state, r=O (P=lOO), and for Dehydration 
state, r=0.07 (P=.84). Thus, salivary potassium levels were found 
to be independent of serum potassium levels. 
After solving for the correlation coefficients between 
salivary sodium and scrum sodium, the following results were 
noted: for the Control state, r=0.09 (P=.79); for Hyperhydration 
state, r=0.28 (P=.38), and for Dehydration state, r=.56 (P=.06). 
Thus, salivary sodium levels were found to be independent of serum 
sodium levels. 
Regression lines, correlation coefficients and the computed 
P-values for the above studies are found in the Appendix. 
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SERUM 
Subject Osmolality Na+ 
-
X1 281 140 
X2 282 141 
X3 290 139 
X4 292 138 
Y1 283 140 
Y2 298 144 
Y3 283 141 
Y4 297 141 
Z1 285 140 
Z2 289 144 
Z3 282 142. 
Z4 282 138 
x 287 141 
S.D. 6 2 
Na+ and K+ in mEq/L 
Osmolality in mOsm/Kg H20 
Flow Rate in ml/5 min 
K+ 
-
4.3 
4.7 
4.4 
4.5 
4.0 
4.6 
4.3 
5.1 
4.9 
4.9 
4.5 
4.7 I 
4.6 I 
0.3 . 
TABLE I 
DATA FOR CONTROL STATE 
SALIVA 
Osmolali ty Na+ K+ Na+/K+ 
-
91 16 20 .8 
89 21 18 1.2 
88 12 22 .5 
71 6 22 .3 
96 26 18 1.4 
63 4 19 .2 
136 43 21 2.0 
120 35 19 1.8 
92 14 22 .6 
66 9 19 .5 
116 36 16 2.2 
126 28 23 1.2 
96 20.8 19.9 1.06 
24 12.8 2.1 0.6 
URINE 
Flow Rate Osmolality 
5.8 747 
6.2 289 
7.6 534 
5.2 840 
14.8 815 
7.6 907 
9.2 894 
15.1 964 
9.3 947 
7.3 752 
10.6 984 
12.2 876 
9.2 I 796 
3.3 I 202 
• A . ~ 
Na+ 
210 
57 
72 
154 
162 
179 
171 
217 
129 
140 
218 
76 
148 
56 
K+ 
55 
25 
73 
72 
40 
83 
50 
69 
125 
109 
78 
90 
72 
28 
..,.. 
0 
; 
; 
l 
! 
I 
I 
' i 
1 
SERUM 
Subject Osrnolali ty Na+ 
-
X1 290 138 
X2 284 140 
X3 284 140 
X4 283 138 
Y1 277 140 
Y2 279 138 
Y3 277 140 
Y4 277 138 
Z1 298 138 
Z2 291 143 
Z3 282 139 
Z4 275 131 
x 283 139 
S.D. 7 3 
Na+ and K+ in rnEq/L 
Osrnolality in rnOsrn/Kg H20 
Flow Rate in rnl/5 min 
K+ 
-
4.6 
4.3 
4.9 
4.0 
4 .1 
4.7 
5.6 
5.0 
4.3 
5.1 
4.7 
4.8 
4.7 
0.5 
TABLE II 
DATA FOR HYPERHYDRATION STATE 
SALIVA 
Osrnolality Na+ K+ Na+ /K+ 
73 8 17 .5 
91 19 17 1.1 
79 11 18 .6 
74 5 19 .3 
88 21 18 1.2 
56 4 16 .2 
142 47 18 2.6 
122 36 18 2.0 
90 14 18 .8 
72 8 19 .4 
125 38 17 2.2 
125 37 17 2.2 
95 20.7 17.7 1.18 
27 15 0.9 0.8 
Flow Rate 
7.2 
8.0 
9.8 
7.6 
7.9 
7.9 
2.8 
10.0 
8.8 
7.6 
13.9 
17.7 
9.1 
3.7 
. '""' '~ 
I URINE I Osrnolality 
83 
130 
74 
63 
71 
57 
60 
186 
79 
160 
100 
67 
94 
42 
Na+ 
11 
22 
12 
8 
13 
5 
8 
20 
7 
30 
13 
8 
13 
7 
K+ 
11 
14 
7 
2 
3 
6 
5 
8 
10 
18 
7 
5 
8 
5 
+:-
...... 
SERUM 
Subject Osmolality Na+ 
-
X1 283 139 
X2 282 140 
X3 282 138 
X4 283 141 
Y1 298 140 
Y2 291 140 
Y3 282 142 
Y4 275 144 
Z1 286 142 
Z2 286 140 
Z3 284 142 
Z4 286 140 
x 285 141 
S.D. 6 2 
Na+ and K+ in mEq/L 
Osmolality in mOsm/Kg H20 
Flow Rate in ml/5 min 
K+ 
-
4.0 
4.3 
4.8 
4.4 
4.5 
5.2 
5.2 
6.3 
5.0 
5.4 
4.6 
4.6 
4.9 
0.6 
TABLE III 
DATA FOR DEHYDRATION STATE 
SALIVA 
Osmolality Na+ K+ Na+/K+ 
- -
98 14 22 .6 
88 14 17 .8 
93 13 19 . 7 
85 6 22 .3 
95 18 17 1.1 
65 5 17 .3 
160 49 21 2.3 
125 32 20 1.6 
100 17 20 .8 
88 9 19 .5 
133 38 19 2.0 
133 31 20 1.6 
105 20.5 19.4 1.05 
27 13.8 1.8 0.6 
! 
I 
Flow Rate I 
5.8 
6.0 
6.8 
4.6 
10.6 
5.2 
8.0 
12.0 
6.2 
4.6 
11.1 
12.4 
7.8 
2.9 
-- • . a;;~ 
URINE 
Osmolali ty Na+ 
1104 132 
1073 69 
1229 169 
1195 126 
948 106 
805 128 
1020 193 
1002 144 
923 150 
1020 135 
1152 165 
1065 126 
1045 137 
120 32 
K+ 
78 
95 
108 
81 
so 
108 
94 
95 
128 
154 
100 
116 
101 
26 
..i::. 
N 
CHAPTER V 
DISCUSSION 
This study has shown that when normal adult men are exposed 
to standardized states of dehydration and hyperhydration there is 
very little change in the osmolality and sodium and potassium 
concentrations of mixed, stimulated saliva from that of normally 
hydrated individuals. Although there was some statistically 
significant changes in saliva, these were relatively insignificant 
to those changes found in urine. There appear to be no similar 
studies in the literature and thus, these results provide valuable 
information to the literature. Utilizing the techniques employed 
in this study offered more validity to the results obtained than 
some of the related studies in the literature supplying similar, 
but questionable, results due to choice of technique and, or, subjects. 
The intention of this thesis is not to insinuate or conclude that 
the results of studies in the literature are correct or incorrect. 
It is difficult to compare different studies on saliva when one takes 
into account only some of the variables that can affect salivary 
composition. These include the source of saliva, flow rate, degree 
of hydration of the subject, nature of the stimulus, duration of 
stimulation, serum composition and the time of the day at which 
samples are collected. 
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Following is a discussion of the results obtained from the 
present research on the effects of hydration on human, stimulated, 
mixed saliva. 
As mentioned, urine osmolality was used as an index of stress 
of water balance mechanisms at the different hydration states. The 
kidney is regarded as the only organ of the body that excretes water 
and electrolytes for the purpose of maintaining homeostasis. While 
it is not the purpose of this thesis to describe in detail the active 
and passive exchanges of water and ions in the nephron in the course 
of elaboration of urine, brief mention of the essential mechanisms 
involved is relevant and will help when interpreting the results. 
The primary urine formed by ultrafiltration of the blood 
through the glomeruli of the nephron is roughly iso-osmolal with 
serum. During the passage through the nephron, the composition 
of the primary urine changes in a way that is favorable to the body. 
From the viewpoint of osmolal balance, this would usually mean that 
a concentrated, or hypertonic, urine is formed. Excess of water, 
on the other hand, leads to hypotonic urine. Thus, to maintain 
homeostasis, the kidney excretes excesses of electrolytes and water. 
Although the osmolality of the blood varies but slightly around 
290 mOsm/Kg H2o, the kidney is able to produce urines which can 
range between 50-1,400 mOsm/Kg H2o. The osmolality-regulating 
functions of the kidney are influenced by hormonal factors. The 
antidiuretic hormone (ADH) is known as a water-preserving hormone 
as it promotes the reabsorption of water in the renal tubules. 
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Lack of, or impaired sensitivity to ADH leads to formation of 
large volumes of urine, which are hypotonic to serum. As a result, 
the osmolality of the body fluids rises, and, unless water intake 
is correspondingly increased, osmolality disorders of the body 
fluids may result. Aldosterone, a mineralocorticoid, promotes 
the reabsorption of sodium and secretion of potassium in the distal 
tubules. 
A 16-hour period without food or drink was used to produce 
the dehydration state in the present research. In the twelve 
normal subjects the serum osmolality ranged from 282 to 298 mOsm/Kg 
H2o at the conclusion of the 16-hour fast. The urine osmolality 
ranged from 805-1229 mOsm/Kg H20. The results of the present study 
for dehydration are similar to the results of Jacobsen, et~' (1962), 
who subjected twenty-six normal subjects to a 14-hour fasting period. 
For their subjects the serum osmolality ranged from 280-307 mOsm/Kg 
H20 at the conclusion of the 14-hour fast. The urine osmolality 
ranged from 855-1335 mOsm/Kg H20. In both the studies of Jacobsen, 
et~, (1962), and the present study, the urine osmolality range 
was normal for the dehydration test performed. In the present 
research the urine to serum osmolality ratio (U/S) was calculated 
for each of the twelve subjects in the Dehydration state. Th:i,s 
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figure represents the number of times the kidney is able to concentrate 
the urine over and above the serum. The U/S r.ange was 2. 8-4. 4 and 
is considered to be within normal limits. 
"----------~-------~·--·----·~ ..--~·----------------
For hyperhydration studies each subject consumed an amount 
of purified water that was equivalent to 2.0 per cent of the total 
body weight within a ten-minute period. This is also a standard 
test for the renal tubule's ability to produce a dilute urine. The 
urine osmolalities for this test in the present study presented 
normal values for healthy adults undergoing the hyperhydration 
test. 
The urine values obtained in this study confirmed the fact 
that the subjects used were in good health. This information was 
important for interpreting the values for saliva obtained after 
the 16-hour dehydration period and the Hyperhydration period as 
there are no studies in the literature which measured the salivary 
osmolality and sodium and potassium concentrations after a 16-hour 
fasting period (or any other fasting period), nor any studies which 
measured salivary osmolality after a hyperhydration test. 
It is evident then, that in the present study, each individual 
was maintaining homeostasis through regulation by the kidney. This 
is reflected by the serum osmolalities. As mentioned, serum osmo-
lality was measured in the present study to record the state of 
homeostasis during each experimental hydration state. In the Results 
it was noted that there were no statistically significant changes 
in serum osmolalities nor were there any significant changes when 
comparing the mean serum potassium values between hydration states. 
It should also be mentioned that these values were in what is 
commonly referred to as the normal range. The normal range for 
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serum osmolality in humans is usually considered as 282-298 mOsm/Kg 
H20, and the normal range for serum potassium as 3.6-5.5 mEq/L. 
Although in each hydration state a few individuals displayed serum 
osmolalities of slightly lower than 282 mOsm/Kg H20 and a few dis-
played potassium values of slightly higher than 5.5 mEq/L, they were 
considered to be within essentially normal limits. It may also be 
mentioned that the individuals who displayed these slightly abnormal 
serum osmolality and potassium values for a given hydration state 
were within normal range for these values in either or both of the 
other hydration states (Refer to Tables 1-3). 
Although when comparing the mean serum sodium values between 
the Control and Hyperhydration state and the Hyperhydration against 
Dehydration states there were significant differences (P=.012 and 
P=.052 respectively), in each case there was a difference of only 
2 mEq (141 to 139 mEq and 139 to 141 mEq respectively) which did 
not alter the mean serum sodium values in each hydration state from 
the range considered to be normal for serum sodium levels which is 
135-155 mEq/L. There was only one individual who displayed a serum 
sodium value lower than 135 mEq/L. This occured in the Hyperhydration 
state. This subject displayed normal serum sodium values in the 
other two hydration states. No one exceded the upper range serum 
sodium value of 155 mEq/L. So it may be assumed that in the present 
study each individual was maintaining homeostasis during each experi-
mental hydration state. 
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Having established the fact that during the experimental 
hydration states of the present research each subject was concen-
trating urine in a normal fashion and as a result homeostasis was 
being maintained in each case, it is relevant at this point to ~is­
cuss the results obtained for the saliva samples collected at each 
of the hydration states. 
When the mean salivary flow rate of the Control state was 
compared with the mean flow rate of the Hyperhydration state, it 
was noted that there was not significant difference, showing that 
hyperhydration did not influence salivary flow rate. This is in 
agreement with some studies discussed in the literature review and 
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in disagreement with other studies. It was mentioned that Gantt (1929), 
stud1ed parotid flow rate in an 11-year-old epileptic idiot and found 
that the secretion rate after a forced fluid intake of from 2,000 to 
3,000 ml, was not significantly different from the previous sate of 
"normal" hydration. However, his choice of subject, an 11-year-old 
epileptic idiot, makes his results difficult to compare to the results 
of the present study which utilized normal subjects. More valid and 
pe·rtinent to the present research are the results obtained by De 
Wardener and Herxheimer (1957), who recorded the effect of a high 
water intake on the flow rate of mixed stimulated saliva of two 
normal healthy men. Their results showed that the flow rate of 
saliva was unaffected by the high water intake. Again, however, 
there is a question of validity of these results for the sample 
was two men. Results contrary to those of the present study were 
------,-----~~·,,.'f?-wn""''.,•wwww _________________ _ 
recorded by Shannon (1966), who found a positive correlation between 
hyperhydration and flow rate in parotid saliva collected without 
exogenous stimulation from 125 normal healthy men, Note that parotid 
saliva was used for measurement for hyperhydration studies by 
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Shannon (1966), and that no stimulation was used for iliciting saliva. 
Mixed, stimulated saliva was used by De Wardener and Herxheimer (1957), 
and in the present research. These differences in the source of 
saliva and mode of collection between the studies of De Wardener and 
Herxheimer (1957), and in the present study as compared with Shannon's 
studies (1966), could be the variables causing the difference in results. 
When the mean salivary flow rate of the Control state was com-
pared with the mean flow rate of the Dehydration state there was a 
significant (P=.008) decrease in the rate of flow. This is consis-
tent with thoseresults reported by previous investigators (Refer to 
CHAPTER I, Section I of this thesis). An interesting speculation 
is that ADH may be acting on the salivary glands as it does on the 
kidney to preserve water. However, there are no studies that support 
this possibility. 
When the Control versus Dehydration state and Hyperhydration 
versus Dehydration states were studied there was a significant 
(P=.003 and P<(,_001 respectively) increase in salivary osmolality. 
This is somewhat consistent with the literature, however, there is 
some disagreement. A brief discussion of related studies will 
clarify the basis for disagreement. Friedberg and Doyle (1959), 
showed that dehydration produced by sweating for four hours in a 
hot box led to a significant rise in salivary osmolality. They 
also showed that rapid intravenous administration of hypertonic 
saline was accompanied by a significant increase in the salivary 
osmolality. Producing dehydration by sweating in a hot box or by 
rapid intravenous infusion of hypertonic saline would seem to cause 
systemic changes in the body that production of dehydration by a 
16-hour fasting period, as in the present study, would not. For 
example, during a 16-hour fasting period there would obviously not 
be the amount of salt loss caused by sweating profusely for four 
hours, nor would there be the effect of immediate salt gain by the 
body caused by rapid intravenous hypertonic saline infusion. There-
fore, it is difficult to discuss the studies of Friedberg and Doyle 
(1959), in light of the present iesearch. However, these were the 
only studies found on the relation of salivary osmolality to de-
hydration of the body, and, as mentioned, the results of the present 
study paralleled the results of those studies i.e. dehydration pro-
duced a significant increase in salivary osmolality. 
In the Results it was noted that salivary osmolality was 
positively correlated with flow rate in the Control and Dehydration 
states. This was not the case, .however, in the Hyperhydration state 
where osmolality was found to be independent of flow rate. 
For salivary potassium it was noted that when the Control 
state was compared to the Hyperhydration state there was a significant 
(P=.003) decrease in potassium excretion. This is as expected for 
when the tissues of the body are exposed to high water intake, there 
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is a decrease in the level of electrolyte. When the two extreme 
hydration states, Hyperhydration and Dehydration, were compared, 
there was a significant (P=.004) increase in salivary potassium 
excretion. This is also a phenomenon the other body fluids share; 
when the tissues of the body are dehydrated there is an accompanying 
rise in electrolyte concentration. Whether or not hormonal factors 
are involved with salivary potassium levels during these experimental 
hydration states is not known and lack of studies in the literature 
make it difficult to attribute the results observed in the present 
study to hormonal factors. 
Potassium was found to be independent of flow rate at all 
three states of hydration. This is consistent with similar studies 
in the literature, although Shannon {1957), and a few other investi-
gators found potassium to be negatively correlated with flow. 
Salivary sodium concentration was not significantly affected 
by the hydration states in this study. However, when Control versus 
Hyperhydration, Control versus Dehydration and Hyperhydration versus 
Dehydration states were studied there was a decrease, although not 
statistically significant, in the salivary sodium level. Accompany-
ing this decrease in the sodium level for these hydration state 
comparisons was a decrease in salivary flow rate. It has been 
generally established that salivary sodium concentration is positively 
correlated with flow rate and that when there is a decrease in flow 
rate there is an accompanying decrease in salivary sodium concen-
tration. This phenomenon is observed in the present study, although, 
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as mentioned, there was no statistically significant difference 
between the three hydration states. 
As noted in the Results, regression and correlation analyses 
showed a positive correlation between salivary sodium concentration 
and flow rate for the Control and Dehydration states. This is 
consistent with similar studies in the literature. However, it 
was noted in the present study that during the Hyperhydration state, 
sodium was not correlated with flow rate. 
Regression and correlation analyses in the present research 
for the Na+/K+ ratio showed that a positive correlation exists 
between the salivary Na+/K+ ratio and flow rate in the Control and 
Dehydration states. This is consistent with similar studies in 
the literature, the positive correlation due to the increase of 
sodium with increasing flow rate. The positive correlation between 
the Na+;K+ ratio and flow rate did not exist in the Hyperhydration 
state. 
In the Results it was mentioned that regression and correla-
tion analyses were performed to determine if there was a dependence 
of salivary potassium and sodium on the levels of these ions in 
serum. It was noted that there was no dependence of salivary 
potassium on serum potassium. This is not consistent with the 
results of Dahl berg, ~ al, (196 7) , who found' salivary potassium 
concentration directly dependent upon the serum potassium concen-
tration. However, due to the fact that they used parotid saliva 
and their subjects had renal impairment, too many factors are 
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involved to adequately correlate the results of these studies 
with those of the present. 
For sodium, in the present study, it was noted that there 
was no dependence of this ion in saliva on the sodium concentration 
of serum. Although there appear to be no adequate studies in 
humans on the correlation between the sodium concentration in 
saliva and serum, a reduction in the sodium concentration of saliva 
was observed by Thorn, et~, (1956), during experimental sodium 
chloride deficiency. Three variables in these studies make it 
difficult to compare them with the present study: 1) subjects 
used were three females with hypertension, 2) parotid saliva was 
the fluid measured, and 3) experimental sodium deficiency was the 
test. The changes observed in the studies of Thorn, et al, (1956), 
may have been due to associated variations in flow rate or in serum 
corticosteroid concentrations rather than to a change in serum 
sodium concentration. 
An interesting phenomenon that occured in the present study 
was that in the Hyperhydration state, salivary sodium, the Na+/K+ 
ratio and osmolality were independent of flow rate. However, in 
the Control and Dehydration states, as expected, these variables 
were positively correlated with flow rate. This was presumably 
due to the fact that the subject with the lowest rate of salivary 
flow in the I-Iyperhydration state displayed the highest sodium 
value. It was noted that this subject consistently provided the 
highest· salivary sodium value for all three hydration states and 
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that his flow rate in the Hyperhydration state was the lowest for 
all three hydration states. But in the Control and Dehydration 
states his salivary flow rate was equal and higher, respectively, 
than the mean value for rate of flow. Error in experimental pro-
cedure was ruled out. No adequate explanation can be offered for 
this manifestation of a very high salivary sodium value at a low 
rate of flow. Burgen (1955), showed that in the dog, at very low 
rates of secretion, the electrolyte concentration rises and may 
come close to the plasma concentration. Whether or not this was 
the case in the present research is not known due to the lack of 
studies on the effects of low rates of flow on salivary sodium 
concentration in humans. 
Since whole saliva was used in the present study it is not 
possible to correlate the results to any proposed mechanisms of 
secretion of saliva and electrolyte transport within a particular 
salivary gland e.g. the parotid. This was not the intention or 
goal of this research. All of the major studies of secretion 
theories have utilized the parotid gland because it is the major 
salivary gland. For obvious reasons, extensive in vivo studies 
in humans is not possible and therefore much about human saliva 
production remains obscure. However, studies of hydration effects 
on the major salivary glands, parotid for example, would provide 
further insight into the mechanisms involved in the production of 
saliva and the regulation of its constituents in humans. 
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CHAPTER VI 
SUMMARY AND CONCLUSIONS 
Twelve healthy men participated in an experiment for the 
purpose of determining the effects of different states of hydra-
tion on the osmolality of mixed, stimulated saliva. Each subject 
was exposed to: 1) a 16-hour fasting period from food and drink; 
2) a hyperhydration state; and 3) a control (normal hydration) 
state during which he carried out his normal eating and drinking 
habits. Each subject contributed whole saliva, urine and blood 
samples at each of the experimental periods and these samples were 
measured for osmolality and sodium and potassium concentrations. 
Results showed that a 16-hour fasting period caused a 
significant reduction in the salivary flow rate and a significant 
increase in the salivary osmolality when compared to the control 
state. When compared to the hyperhydration state, the 16-hour 
fast caused a significant increase in salivary osmolality and 
potassium concentration. Hyperhydration exerted a significant 
depressant effect on salivary potassium concentration when compared 
to the control state. Salivary sodium concentration was not found 
to be affected by either hyperhydration or a 16-hour fast. 
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The following conclusions can be made from this study: 
Salivary osmolality does not appear to be greatly affected by 
the clinical tests for hyperhydration and dehydration. Although 
hyperhydration and fasting for a 16-hour period resulted in some 
significant changes in the osmolality of mixed saliva, the changes 
were slight and do not appear to be associated with any maintenence 
of homeostasis. Serum and urine measurements obtained showed that 
homeostasis was being maintained through the normal concentrating 
and diluting abilities of the kidney. 
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TABLE IV 
SCHEDULE 
GROUP X L
-
Day I - _ HYPERHYDRATION I GROUP y I I 
CONTROL 
Drink : 8:15 
Void : 9:15 & 9:30 
Saliva: 9:15-9:20 
Blood : x1 : 9:22 
Day 2 
x2 : 9:24 
x3 : 9:26 
X4 : 9:28 
CONTROL 
Eat : 8:15 
Void : 8:45 & 9:45 
Saliva: 9:15-9:20 
Blood : x1 : 9:22 
Day 3 
X2 : 9:24 
x3 : 9:26 X4 : 9:28 
DEHYDRATION 
No food or water after 7: 15 PM 
Void : 7:15 AM & 11:15 AM 
Saliva: 9:15-9:20 
Blood : x1 : 9:22 
X2: 9:24 
x3 : 9:26 X4 : 9:28 
/ Eat 
j Void 
I Saliva· 
I Blood · 
8:30 
9:00 & 10:00 
9:30-9:35 
Y1: 9:37 
Y2 : 9:39 
Y3 : 9:41 
Y4 : 9:43 
DEHYDRATION 
No food or water after 7:30 PM 
Void : 7: 30 AM & 11: 30 AM 
Saliva: 9:30-9:35 
Blood : Y1 : 9:37 
Y2 : 9:39 
Y3 : 9:41 
Y4: 9:43 
HYPERHYDRATION 
Drink : 8:30 
Void : 9:30 & 9:45 
Saliva: 9:30-9:35 
Blood : Y1 : 9:37 
Y2 : 9:39 
Y3 : 9:41 
Y4 : 9:43 
p . ~ 
GROUP Z 
DEHYDRATION 
No food or water after 7:45 PM 
Void: 7:45AM&ll:45AM 
Saliva: 9:45-9:50 
Blood : Z1: 9:52 
Z2: 9:54 
Z3: 9:56 
Z4: 9:58 
HYPERHYDRATION 
Drink : 8:45 
Void : 9:15 & 10:15 
Saliva: 9:45-9:50 
Blood : z1: 9:52 
Z2: 9:54 
z 3: 9 :56 
z4: 9:58 
CONTROL 
Eat : 8:45 
Void : 9:15 & 10:15 
Saliva: 9:45-9:50 
Blood : z 1: 9:52 
Z2: 9:54 
Z3: 9:56 
z 4: 9: 58 C\ 
N 
Test 
Control 
VS 
Hyper hydration 
Control 
vs 
Dehydration 
Dehydration 
vs 
Hyperhydration 
. Ji~ 
---
TABLE V 
PROBABILITY VALUES FOR PAIRED VARIATE STATISTICAL ANALYSIS 
Osmolali ty Na+ K+ Osmolality Na+ K+ 
.198 .012 .sos .S42 .891 .003 
I 
.42S 100 .069 .003 .78S .378 
I 
I I I I 
.S23 .OS2 
. 7s2 j ~01 I· 87S .004 
! 
Na+/K+ Flow Rate I Osmolality 
.70 .907 I <(?01 
.98 .008 .008 
.63 .1S7 <{'001 
-...., 
Na+ 
~01 
I 
.47S 
I I 
I 
/.001 
.....__ 
K+ 
~Ol 
<001 
~Ol 
°' '-"'
------
TABLE VI 
CORRELATION COEFFICIENTS AND PROBABILITY VALUES FOR CORRELATION STATISTICAL ANALYSIS 
Test 
Control Saliva Na+ against Control Saliva Flow Rate 
Hyperhydration Saliva Na+ against Hyperhydration Saliva Flow Rate 
Dehydration Saliva Na+ against Dehydration Saliva Flow Rate 
Control Saliva K+ against Control Saliva Flow Rate 
Hyperhydration Saliva K+ against Hyperhydration Saliva Flow Rate 
Dehydration Saliva K+ against Dehydration Saliva Flow Rate 
Control Saliva Na+/K+ against Control Saliva Flow Rate 
Hyperhydration Saliva Na+/K+ against Hyperhydration Saliva Flow Rate 
Dehrdration Saliva Na+ /K+ against Dei1ydration 5aliva Flow Rate 
Control Saliva Osmolality against Control Saliv~ Flow Rate 
Hyperhydration Saliva Osmolality against Hyperhydration Saliva Flow 
Dehydration Saliva Osmolality against Dehydration Saliva Flow Rate 
Control Saliva K+ against Control Serum K+ 
Hyperhydration Saliva K+ against Hyperhydration Serum K+ 
Dehydration Saliva K+ against Dehydration Serum K+ 
Control Saliva Na+ against.Control Serum Na+ 
Hyperhydration Saliva Na+ against Hyperhydration Serum Na+ 
Dehydration Saliva Na+ against Dehydration Serum Na+ 
Rate 
r-Value 
0.61 
0.26 
0.70 
0.20 
0.31 
0.06 
0.59 
0.30 
0.76 
0.58 
0.27 
0.67 
0.08 
0 
0.07 
0.09 
0.28 
0.56 
P-Value 
.03 
.41 
.01 
.52 
.33 
.84 
.04 
.34 
.004 
.04 
.39 
.02 
.80 
100 
.84 
.79 
.38 
.06 
0\ 
..,,. 
;~ 
-----------~-.~----" __ .,._..._""$Z~f<-~,-----------
Figure 6 
Salivary Sodium, As, Related to Rate of Flow, of Adult Men 
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Figure 7 
Salivary Potassium, AB Related to Rate of Flow, of Adult Men 
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Figure 8 
Salivary Na+/K+ Ratio, As Related to Rate of Flow, of Adult Men 
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Figure 9 
Salivary Oemolality, As Related to Rate of Flow, of Adult Men 
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Figure 10 
Salivary Sodium, As Related to Rate of Flow, of Hyperhydrated Adult Men 
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Figure 11 
Salivary Potassium, As Related to Rate of Flow, of Hyperhydrated Adult Men 
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Figure 12 
Salivary Na+~ Ratio, As Related to Rate of Flow, of Hyperhydrated Adult Men 
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Figure 13 
Sall.vary Osmolality, As Related to Rate of Flow, of Hyperhydrated Adult Men 
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Figure 14 
Salivary Sodium, As Related to Rate of Flow, of Dehydrated Adult Men 
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Figure 15 
Salivary Potassium, As Related to Rate of Flow, of Dehydrated Adult Men 
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Figure 16 
Salivary Na+JK+ Ratio, As Related to Rate of Flow, of Dehydrated Adult Men 
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Figure 18 
Potassium, Saliva As Related to Serum, of Adult Men 
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Figure 19 
Potassium, Saliva As Related to Serum, of Hyperhydrated Adult Men 
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Figure 20 
Potassitnn, Saliva As Related to Serum, of Dehydrated Adult Men . 
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Figure 21 
Sodium, Saliva As Related to Serum, of Adult Men 
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Figure 22 
Sodium, Saliva As Related to Serum, of Hyperhydrated Adult Men 
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Figure 23 
Sodium, Saliva As Related to Serum, of Dehydrated Adult Men 
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